Unnatural amino acid mutagenesis: a precise tool for probing protein structure and function.
The first general method for the biosynthetic incorporation of unnatural amino acids into proteins was reported in 1989. The ensuing years have seen the solid development and subsequent implementation of "unnatural amino acid mutagenesis" in a number of groundbreaking studies. Over 100 different amino acids have been incorporated into dozens of soluble and transmembrane proteins, using both cell-extract and cell-intact translation systems. The approach has provided insights into ligand-binding sites, conformational changes, and protein-protein interactions with a level of precision simply unparalleled by conventional mutagenesis. Here, the methodology is outlined, significant applications of the approach are summarized, and recent major improvements in the method are discussed. The future will likely see many more investigators utilizing this approach to manipulate proteins as it realizes its promise of becoming a tool with enormous potential.